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*In November 1973, the Nétlonér Aeronautics and Space Admlnlsi:atlon .
(:.ASA) asked the National Academy of Engineéring* to conduct a summer stfMy
of future applications of space systems, wxth parficular ghphasis on practical -~
approaches, taking into consideration sociveconomt benefits. NASA asked
Athat the study also considér how these applicatiors wduld isfluence pr be .
1nfléenced by the Space Shuttle- System, the principat space transportatidn
. System of the 1980's. In December 19735, the Academy agreed to perform the P .
* Study and assigned the task to tHe Space Applications Board (SAB). ) ’ '
In.the summers of 1967 and 1668, the ‘Natiohal Apademy of Sciences had
cofivened a group of emnent scientists and engineers to determine what research
and developnent was necessary to permit the exploitation of useful applications
of earth-oriented satellites. The SAB concluded that since the NAS study, .
operational weathér and comminscations satellites and the successful first
year of use of the experimental Earth Resoutces Technology Sateillite had>demon- .
strated conclusively , technological capability that cquld form a founddtio *
for expanding thé useful applications of space-derived information and services;
and that 1t was now pecessary to 3btain, from a broad cross-section of potential
users, new ideas and needs’ that might guide the development of future ‘space
systems for practical applications. o — ’ . ‘-
After discussions with NASA. and other interested federal agencies, it -
was agreed that a major aim of the "summer study" should be to involve, and -°* o
. "to attempt to understand the needs of, resource managers anJ other decision- N
makers who had as yet only considered space systems as expérimental rather
than as useful elements of major day-to-day operational. informatiom-and service .
Systems. Under the general direction of the SAB, then, a repfesentatiVe group )
“of users and potent¥al users conducted an intensive two-week study to define -
user needs that might be met by information or services derived from earth- :
orbirting satellites. This work was done in July 1974 at Snowmass, Colorado. '.
. For the study, nine user-oriented panels. were formed, comprised of present
y  OT potential public and private users, including businessmen, state and local
government officials, resource managers, and other decision-nakers. f number

‘ . .

. .
Vi N -
»

*Effebtlve,July 1, 1974, the National Academy of Sciences and the National

Academy of Epgineerimg reorganized the National Research Council into eight

assemblies and comrfissions. All National Academy of Engineering progran units, ° .
including tie SAB, became the Assembly of fngineering. ) )
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of scientists and techhélog;sts alsQ participated, functioning essentially |

as expert consultants, The assignment made to the panels included reviewing |
prbgre>> 1n space gpplications since_the NAS study of 1968* and defining user

!

. : needs potent:ally capafile of being met by space-system applications. -User .
. . -spfecpalists, Jdrawn from federal, state, and loeal governments and ffom business .
. - ‘and industry, were impaneled i1n the following fields: . . .
e . v L ¢
3 ‘:%inél 1: Weather and Climate ’ ‘ .
Lo anel 2: Uses of Communications ‘ _ I
7 ‘ ,Panel '3:° Land Use Planmang ) . |
o Panel 4: Agriculture, Forest, and Range § ’ : )
2ot Panel 5: Inland Water Resources ' _ e . |
. ~ " Panel 61 Exttactable Resources " .t - . f
P Panel .7: Lnvironmental Quality . ' . .
¢  Panel 8: Marine and Maritime Uses o
) Panel 8: Materials Processing in Space .
. N . .

In addition, to study §he $0C10eCOnoOmic beneflts, the 1nf1uence of tech-

- nology, and the 1nterface with spade transportation systems, the following

panels (terned 1nteract1\e panels) were convened:

« . . .
Panel 10: Institutional Arrangements .
. Panel 1i: Costs and Benefits . : .

Panel 1Z: Space Transportation - .

Panel 15: ‘Information Services and Information Proce551ng . N

Panel l4: Technology \

- . t . 4 .

. As a basis' for thelr deliberations, the latter groups used needs expressed.
by the user panels. .A - suwbstantial amount of interaction with -the user panels
was de51gned into the study plan and was fand to be both desirablé and ecess

. sary s - A
‘ The major part of the stud) was aCCpmpl1shed by the panels. The function
of the SAB was to review thework of the panels, to gvaluate their findings,

and to derive from theiy work an 1ntegrateq set of major conclusions and recQm- i

nendat:ons. The Boaxrd's findings, which include certain sigmificant recemmen- - ’

dations from the panel reports, as well as more general ones arrived at by .

considering the work of the study as a whole, are contained in a report pre- S‘

- pared by tne Bo&4rd.** -,

« It should be eumphasized that the s;ud) uas not deblgned to fhake detailed -
assessments of all of the factors whlch should be considered in establishing
prlorltiea.- In som¢ cases, for e\ample options other than space systems for

. . acc0np11>n1n5 the sane obJectlves may need to be assessed; requ1renents for

4

. ' )
. . Y . 4 .
3 M . -
»

/ *National Resgarch Councal. ‘939449 Apriications of Earth-Oriented Satellites,
zepers ¢ ne Central Peuoeu ‘Cormittee. National Academy of Sciences,
K ashlnthn, D.C., 1969. . . *
**Space Applications Board;.National Research Council. PFPraciical-Appiications
© oS Jrace Systems. National Academy of Sciences, Washington, D.C., 1975.
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. “  institutional or organizatienal support may need to be appraised; nultiple .
*ases of svstens may n to be evaluated~to achieve the most efficiént and™
- -economic returns. In some cases, analyses of costs and benefits wiil be =~ .
. - needed. In this comnection, $pecific .cost-benefit stddies were not conducted
as“a part of the twd-week study. Recommendations for certain such analyses, | ’
- however, appear in the Board's report, together with recommendations designed o
to proyide an improved basis upon which to make cost-benefit assessments.
In,sun, the study was designéd to provide an oppbrtuqaty for knowledgeable’
and experiehced usérs, expert in their fields, to express their needs for L )
. 1Nformation or services which-might  (or might not) be met by*space Systems, ‘
and .to relate thé present and potential capabilities of space systems to their' . .
needs, The study’ did not attempt to eXamine in detail .thewscientific, techm= ’
cal, or economic bases‘féi the needs expressed by the users. o -
N The 5AB was impressgd by the quaiity of the panels' work and has asked *
that_thelr reports be made available as supporting documents for the'godid's _—_—
report. hhile the Bohrd.ls in general accord with the panel reports, it does
not necessarily endorse them in cvery detail. ‘ . .

Jhe, conclusions and recommendations &f this panel yeport shoyld bé con- .-
sidered within' the context ¢f the report prepared by the Space Applications . ot
‘Board. ‘The views presented in the *panel report represent the general consensus
of the panel. Some indivrdual members of the “panel -may not agree with‘eV?ry

conclus1bn or recommendition contained in the reéport. ‘(. .
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) T{e “Pane} on Extractable Resources- was ¢harged with reviewing the use of v

% information from Space systems-in the operation of the extractive industries,
.particularly ih éxploration for miner#l and fuel resources.* To this end, the
Panel (1) reviewed the conclusicdns “and recommefidations of .the 1967-68 NAS-NRC >~
study, 'Usg'ful Applications of ‘Earth Orieated Satellites*, (2) reviewéd the cury .
Tent state-of-the-art’of refiote sensing technology, (3} ‘reviewed the contribu-
tions and capabilities ¢f the Earth Resolirces Technology Satellite (ERTS) pro-.
gram, (4) consideéred the needs of the’extractive industries in finding, . »
developing, and' producing resources, (5) considered the needs of the “United - .
Statess Government for .formulation ofahd use and mineral resource policy, (6) .
ocutlined th¢ requirements of -thé extractive industries for data frpm future < )
.unmanned satellites and from Spacélab; amd Y7)"considered the benefits and costs
of data. geflerated by space systems in terms of the nationai interést, : -

.~ Jhe tonclusionsmnd reéomnendations ‘presented are ‘based on the fundamental, .

" v - premise, that the survival of,modeyn indistrial society reqlires a continuing,. Rk
secure flow of resources ‘forsenetgy, construction and manizfacmx}'iﬂg, and £4r ude R
as plant foods. Dislovery- >the volum@s' and qualities of the great variety of
earth resourcesereeded to’5uStain {iis £IWw will tax the scientific and enginegr- .~ . |
ing ingenpity of industry and government. Alevel of suyccess sufficient-.to r.ain'-@ S

.. otaim a healthy infustria¥ society wiil Tequire fovernment policy:as well as —— .o ']

* 7 private and public investment to provide expldration ScicR2ists and snpineers —_—

. with all available data. Data from space Systems will provide an important s

. addition'td information generated from aircraft-roumted sensors and ground field ;

stullies. ' " e C T :
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L Rzi?ort of the Central Review Committee’ Nation@l Academy oX Sciencés, -
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- 'IMPORI‘ANCE OF PRODUC&Q&EXTRAC’I‘IVE INDUSTRIES  ° .
w Jl‘he development of Amencan economlc life.is mrrored in the lnstory
/ ©of the production and use of materials.... Two centuries ago on an . .
. undeve¥ped continent,-early settlers pushed back the frontier and ’
< - fostered the growth of an agricultural economy and a nascent-materials
producing system, IQ the 19th century, labor and capital were imported,
e . - chiefly from Europe, to exploit our natural Tesouxrces. These resources
j made ar cr1t1ca1 and contmmng contnbut:.on to American life,™* : .
A techfiolog:.cally based society depends on, Taw matenals from whz.ch manu-
® factured products are generated The besic sources of wealth on which even the
service 1ndustr1es are bu:slt depend 6n the incomes derived from the dewelopment,
‘. production gnd conversmn of materials into -essenual or‘desifable products, - o
: The preponderance of the taxes which pay for gouemment Services are denved,ffrom L-
+* the Mcome generated from these industries, - .
a5 In "1972 the minerils mdusmes, whieh prodnce %)st. of the .energy amd plant
£o0ds, Hotexthan Ralf of the building paterials, and &11 of the netals, sold
. $352°biHidon of prodicts to fo«d a gross natiogal product_ (GNP) of $1,152 billion.
= Te valde of mineral prt 'wﬁlusabuut.%percentof‘mem@ but mineral =
products are one of tﬁn asic generators of the GNP and prov1de very }ugh .
leverage.
A chart 111us'trat1n the flow of mineral maténaIs through the'u.s, - L .
. economic system was included in the 1973 Report of the National Cormission on
Materials Policy. An-adaptation of this f1gure is shown in Figure I. _
. ’ Pqulatlon and per cdpita consumptien increases will continue to place s
" increasing demands on the extractive industries. This will be true even if the
present trengd toward Zefo-growth birth rate continues in some countries.
‘1 K . \ ’ ﬁ . a . . hd . . : . .
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‘siigterial Heeds and the Environment Today and Tomorros, Final Report of tHY
National Commission on Materials Policy.’ Submitted to the President and the
Congress of the U. S., June 1973, .p. 1-3. .
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! It has been estimated that the world demand for raw materials will more than *
- double by the end of this Century. The world population %nd the gross domestic.
product as projected for the National Commissipn on Materials Policy to the.
Year 2000 are shown in Figure II. : :
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FIGURE TI  MATERIALS REQUIREMENTS IN A CHANGING WORLD* *  °

Mineral raw materials are obtained’ frem depesits of certaiff elements and
minerals concentrated by natural progesses in past ‘geologic tige. These deposits
are finite and non-xenewable. They must be continually replaced by the discovery,
development and exploitation of new deposits. Most deposits of useful minerals
are rare and hard to find. Every pdssible technique to aid in this search has
tor be utilized, no matter how remote are the possibilities ‘of discovery. This
is why the extractive industries account for approximately half the sales of

ERTS data even though the industries are just beginning to usg.those data to
their full potential. '

v
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- ] ~
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* Source: Malenbaum, ¥. "Materials Requirements in the United States and .
Abroad in the Year 2000," Research Project prepared for the National Comhis-.. '
sion on Mdterials'Policy by the Wharton School, University of Pennsylvania,

March 1973. Reproduced in Material Feeds and the Envirowment Today and To- -
moyrow, 1973, p. 2-15. - o ' : '
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. ’ The national needs for success in exploration are so great that no oppor- ' .
tunity must be passed by. Evety exploration plan ‘that has prosﬂittg for~aiding ~ ‘
the program is insurance for the fufure. The survival of our industrial society
depends on "...adequate energy and matérial supplies not ondy for the basic
needs of nutrition, shelter, and health, but for a dynamic econohy,'*
‘ Production of minérals returns more income per acre than all other uses )
af "land éxcept for dense.urban development. Yet in thé whole industrial history
i of the United States, only 0.3 percent of the land surface has been disturbed -
for extraction of cval, oil, gas, stone, sand, gravel, cement rock, metal and
non-metal ores. About one-thixd of these disturbed lands havé been returned to
other uses. ‘Under laws now developing, these lands will be returned to other
beneficial uses more quickly than has been the case in the past. ERTS data
will be useful for menitoring the pzogress of that return, o

-

v

- o DISCOVERY, DEVELOPMENT, AND PRODUCTION OF MINERALS :
The esgablishment of a Wew source of minerals is a 1on§:_giffieu1t, and -
costly procedure involving many distinct activities. The first s¢ep is to
identify potentially productive provinces‘withifi the earth's crust. - The earth
is neither chemically nor structurally homogenequs and certain kinds of minerals

.

are restricted to certain geologic environments. For example, o0il fields are * -
found in sedimentary basins; chromium is found in association with igneous «
rocks rich in iron and magnesium. . v . R P

The identificatiop of. new metallogénid gr oil and gas provinces is based -
‘on_the accunulated wisdom of generations of previous investigators whose work
has’'developed éxtensive knowledge of, the earth and has led to the dkﬁ%lqpment
of theories of origin of mineral deposits, Synoptic views of large areas of s
) the earth's surface obtained. from space, together with data from various remote
\ , sensing devices on space vehicdes and aircraft, can make invaluable contribu- .

tions t&knowledge and -theory. It is*unlikely that any single semnsor can _ '
.locate directly individual deposits. Nevertheless, the cdhaniUUtigns to theories
of origin t¢. be derived from the space‘program could be a major step. toward the
improvement of the success of exploration programs. . . '
Before extensive search programs are carried out ih a province selected
from an earth overview, a thorough assessment should be made of the pelitical
and economic factors. within the bouwrdaries of the province. Questions such as
climate for investment and geographical accessibility are of vital impartance
in the decisior tb expend th® vast sums of money meeded to° isolate geologic -
. targets within the province. _— ’
Y The mext step is the.long, tedious, and costly process of reconnaissance.-,
“The*process starts with employment of remote sensing devices long used. in L
exploration, including aerial photography and-airborme magnetig, electromagnetic,
. and radipmetric]survbys, and proceeds td geological interpretations of these’ -
, findings where the geoldgy appeatrs to be favorable to the concentration of .
mifterals. Those who finance exploration programs must be assured that the land )

¥

.

\ . M

- L4
'

*Letter of transmittal to the Presidert and the Congress, Final Report: of the

National Commission on Materials Policy, June 1973, - .
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is acgessible, that tenure can be established, and that they can realize a
reasonable return. Then bggin the pfogr8551ve1) more expensive geologic,. geo-

- chemical, and geophysical surveys on the surface,

When the evidence, developed after enormously variable expenditures (from
a'few tens of thousands of dollars to tens of millions, depending on ‘the target},
gives sufficient confidence to proceed, the target must be cargfully delineated. . .
This evidence-is obtained by detailed geoph)51cal and geochemical surveys and
finally by exploratory drilling, ‘trenching, tunneling, sampllng, and analysis.
Only then can the deposits be developed by more exten51ve drilling and the con-
struction of mining, concentratlng, and refining facilitiés. In the case of
oil fields, the development phase requ1res‘dr1111ng pf productive wells, con-

struction of gathering pipeline, and reflnlng facilities. ) X .-
At each step of the way, thehfbsts increase geomettically, The decision T t
to proceed must be weighed at each’ step before the next( order of expenditure is :

undertaken. Abandonment medng virtually a tota? loss © preV1ous expenditures. ., '

The risfs imvolived are emormous and 1ncre‘?e as evidenceMof new resources becomes <
more tenuous. ' < " . ' '
¢, - T . .
GOVERVMENT NEEDS IN POLICY FQRMULATION - ‘ .

. . . . ° ld hd

In addition to the needs of ‘the extréctlxe industries for.information
about the egr'th and its processes, varlous ageficies of government with respon- .
sibility for promulgating land use, natural resqurces, and environmental policy .
need, information about -the,earth and its processes and thé says in which the
earth is be1ng used by man. If the fedeigi and state governments are to,garry
‘out the1r responsibilities 1n this field, they must understand th cgpablllty .
of the earth to sustain various hinds of uses and the env1ronmenta1 Gonsequences, v
of those uses. The extraction and processing of earth resources -has an impact
on the environment. The natfite dnd degree of impact depends on the' scalt df.
the extractlve enterprlse5 on the gquality of its eﬁglneerlng,.and to a very
large extent,’ on the geolog1cal environment of the area in which the enterprlse
is operating. Extractivéd industries mine "one crop" and after the resouxrce is
"harvested " the land may be restored to other benef1c1a$ruse. Such restoration
occurs,ln some aréas through natural earth processes 1n other areas, it requires
reclamation and restoration efforts.

.Government has need for (1) basic informatlon on the geology and natural
~earth processes in the area.of operation of the extractive industry and (2) in-
formation on the chemical, thérmal, and other physical impacts ‘of the extractive
industry on the area, including. the extent to which the industry's operationms ,
alter the composition of 1and, air, and water, affect the ecology, and change
the configuration of the land surface. - |,

The data needed take the form of ‘repetitive imagery at a scale that permits |
rmeasurement of the changing sizes of pits, dumps, and tailing ponds, the distri-
bution of rock and mineral wastes, and other physical and chemical parameters
which can be measured from photographs or other scanners and sensors. Repeti-
tive analysis of the comp051tzpn of aln,and water in the area of the activity
are also needed. . o ..



.~

The Panel on Extractable Resources reaognizes the need for these data by
" appropriate agencies. The extent to which the need can be met by space systems
and the specific requirements of these systems are discussed in the reports of
the Panels on Environmental Quality and Land Use Planning.* ’

.

. .
. . . - )

SO *  INSTITUTIONAL CONSIDERATIONS )

- > . ~

Many of the current shortages in the supply of industrial materials arise
.in large-measure from ignorance of the nature of the problem among decision
makers., Theories, instead of knowledge based on experience, have led to
seriously deficient policy decisions.

A ]

- . It is therefore essential that institutions designed toiencourage or control

resource development be responsive to those colleagues who are charged with the.
gathering of data and the use of those data in Tesearch into conservation and

use.” These ‘are the people who are in daily contact with the industries and '

research agencies involved. e 1 . . . ‘ ca
Jt'is the firm belief of the Panel on Extractable Besources that those’

agencies of governmeht that deal with the extractive industries must have a voice

,in the decisions involved in serving or,regulating those industries, including .
‘decisions related to remote sensing. The'erartment of the Interior currently
is the focal'point for this wide range of interests and the proposed Department
of Natural Resources would have a similar focal role. The Department 6f the
Interior  stould be structured to bring together, interests related to the ex-
fractive industries in mining, land management, reclamation, geological survey,
*parks, and fish and wildlife, under the coordinating respohsibility of an - . :
* Under Secretary who should speak with the authority both of knowlzdge and of T m
¢ ‘appropriations. He should involvé .other federal, statke, and private user o~
.organizations in the decision process; but should wield the power of appropri-
at%ons to implement ,those decisions.. Further, the Departmefit of the Interior 1
should be charged with continuing research to improve its services to userd.
If these institutional arrangements <an be made within tHe Department, of the
Interior or its successor’agency and effectjvely involve other.goﬁgrnmenb'-
agencies which deal with.the extractive industries, the Panel. bslieves that
there is no need for a ney agency to deal with remete sensing for gxtractive
uses. . . .

’ . '

: .

, .
ki . . &

< -
*Eanel on Environmentai\Quallty. Practieql Applications of Space Systers:
oupporting Papér 7: Report 6f the Panel on Envirowmental Quality and Practieal
:fppl_zgatzmw of Space Systers: Supporting Papery 3: Report of the Panel on
Land {se Ploaw-n.ng. Reports to the Space Applications Board, National Research
Council. . Natidpa} Academy-of Scienc?%, Washington, D:C., 1975, !
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STATE-OF-THE-ART OF EARTH-ORIENTED SPACE SYSTEMS . = .

» ’ .
- .
-~ . ‘

. ) o i . . .

. Improved-weather information based on operational sgtellites and distrib-
uted by the National Oceanic and Atmospheric Administration (NOAA) is of great
value to the extractive industries. Field camps,vmines, and drill sites are v
commonly in remote and hostilé environments where.local weather data are scanty .
and where short-term weather forecasts are crucial., The benefits of improved
weather informa;ion will continue to increase, especially as-off-shore mining
and oil production proceed to deeper water farther from shore. It is obvious !
that the extractivé industries have a stake in the on-going research programs
to improve weather observation from space and to achieve better short-range_ and
lopg-range weather forecasts. B T

The TRANSIT navigation satellite % widely accepted within,the extract
tive imdustries for navigation and position location. Marine seismic crews.
have used satellite navigation very effectively, with inertial guidance 'or
bottom-reference sonar to interpolate between satellite fixes. Service v
companiesyhave also engineered satellite receivers to locate base camps or -
other fixed installations. There is still a need. of a¥capability for more °
frequent .and more accurat€ position location. . .- ' 1

Similarly, the extractive dndustries are prime customers for operational .
satellite, commmication systems. Voice'communication worldwide is 2 ogntinu-
ing need, and data transmission by satellite will open up new possibilities.

OPERATIONAL SYSTEMS . ‘ o
P , . .

’ =, - . .‘ ) - <
.o " EXPERIMENTAL PROGRAMS 5 o o

/ ) ’ .
The earth resources technology satellite LAMDSAT (formerly ERTS) ig'the_
first spacecraft system designed specificalky for earth resources surveys® It
has provided experimental data for{over 350 domestic and foreign investigations
in various disciplines. The experience gained with this prototype -of future
space systems has been ‘invaluable. Several applications in‘each discipline area .
have been proven feasiblle and have been identified as potential candidates for
quasi-operational tests. The orbital parameters, sensor spatial quallity, ,and
ddta quality have been adequate for the Department of the Interior to. N
seriously consider acquiring a modified ERTS for the first operational system.

= -
L
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.




Although the ERTS is a U.S. system, more than 100 foreign investigators, te-
sponsored By their governments, are condug.lng evaluations of U.S. supplied data
for resoyrce'applications.

The, data acquired by ERTS arg in the public domain and obtainable for the
cost of reproductioh at the U.S.° Depértment of the Interior's Earth Resources -
Obsefkatlon System (EROS) Data Center at Sloux Falls, South Dakota. EROS has
prov1ded complete cloud-free coverage of the United States. These data have

: been used for a substantial number of ekperiments based on the study of linea- 4
. ments and signdtures related to minéral occurrences. A good example is the use
of a laxge-scale mosaic comprising several states, in¢luding Utah and Colorado,
1 . that shows an east-west trending fault associated with the-Colorado mineral
felt. The Eme photographic transparencies available from the EROS Data Center
have réSolution to 80 meters and 16 radiation intensity or gray levels. The
. magnetic .tapes of the Same coVerage have,the same inherent resolutlon° however,
they provide 64 gray Ie\pls and are. used for computer proce551ng of the data
that* have produced the pictures.

Despite the successes and the knnw}ed e gained from ERTS, this sate111te
remains the "Model T" of earth résources sgace remote sensing systems.” However,
ERTS-1 has had a lifetisie beyond the initizl one year expectation; the multi-
. spectral scanner was still functioning as Qf July’ 1974, Many improvements ard
advances. are necessary to satisfactorily meet app11catLon requirements.
Increased temporal and spectral coverage are réquired for many applications. A .
fifth band ih the thermal infrared region is under development for a later ERTS .
mission; however, extension of spectral coverage to-the microwave’region is t o
necessary for all weather data wCQYisition and offers conslderable promlse £or .
_many applications. . )

‘The Earth Resources Etperlment Package (EREP) of Skylab was the first manned .

and the second space earth resources survey system. It consisted ofl a set of . *
experimental inszruments to evaluate .the following: N ! s
. g R
. Manji role in parth resources surveys from space . .Y . . e T sy
~ - . . . A I

v . . . :
Applications of active and passive microwave systems .. -

a - ’
T . .

High resolution photographic systems <

¥ Narrow-Band mulclspectral scannlng syStems including near-, mid-, . .
o’ . and thermal-infrared bands. . '

« . -~ .

. M -

The EREP multispectral camera has a resclution gf 30 meters and the<gerrain
‘ . «camera 10 meters. Final results of the experlments e not yet avaiIabik\\powi L.
ever, pre11m1nary f1nd1ngs are encouraging. The soph15t1cated nature of the s,

- multisensor, mult\SPectral data acqgired in three missions du®ing the 9-month

€ activity period lends 1tse1f'io computer processing and analysis. Preliminayy
evaluation of ‘the EREP data 1nd1cates they will be useful for future geologic .

.

reconnaissance ‘and mineral .exploration. .
. ' * ’ & 4
- F} . - ) . N I
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" RECOMMENDAT IONS OF THE 1967-68 SUMMER STUDY

-
)

. . *The Gealogy_Pahel of thé,r967-68-5umﬁér Study on Useful Applicationssof .

Earth-Oriented Satellites rqcommended:

-
v

v 1. ’ Immediate (within' three to five ‘years} low-angle cglor photog-
.. Tapry of North-and South América by sun-Synchronous satellite'
- and immediate -(within three to five years) side-looking radar
I coverage by aircraft of the same two continents. A geological 0
- resources satellite, called> GEROS-1, was estimated to requitre, .
.a budget of ejther $38 or $57 million, depending on instrumenta-. .
‘tion, It was recommendéd-thrat GEROS-1 be operational in three.™» .
to five years. - <
. . ) . , > - 2 -
y = 2,- 'Research and development on-the spectral signatures of rocks,
' minerals, and soils with a first phase-for 5 years at $1.7 mil-
~ . lion per year ‘and a second phase for 10 to 12 years at $1.2 pi1-
' " lion per year. Lt was tontemplated that the work should progress
from field and laboratory studiés. i the first phase to aircraft . -
. . and spacecraft experimentation ard testing in the second phase. |
. . ’ .. . ! . = ° P ,'- ",
+ It is the judgment of the Panel on, Extractable Resources that the-éévelop--
ment of ERTS (approximately $160 million) and EREP {approximately $135 million)
in a S-year term has more than cayried out-the recommendations for syhoptid -
photographic coverage made by thé Panel on Geology of*the 1967-68 summer Study.
. The 1968 panel's recommendation that thére should immediately be implemented.
a program designed to produce synoptic aircraft-based radar coverage of North
and South .Americad was not carried out’ for several reasons. Such %n operatiqnal-
"aircraft project wgs pot appropriate™for NASA to fund within its authority for:
experimental programsQ. No other agency considered it approptiate ta its miskion
to fund thé program, ' _ v ) B : - .
' The 1968 panel's’ Second recommendation has not been cémpletely carried out. .

» To date, only aboug §1 million has been spent by the U.S. Geological Sugvey on
. research on specstal signatures of rocks, minerals, and soils, as against-the ¢

approximately $10 million fecdmmended for the firgt S-year phase of this projeet.
NASA also reduced itsylevel of funding for rock signature research because® early
. results were disappointing afd there appeared to be more productive opportunir
ties in other areas. A major problem is that variations in atmOSpheric:coﬂ» .
ditions and surr angles cause. the signature of the emitter to be so variable. &s

¥ 2

i .- areas'of‘inqgiry, namely, hicrowaye sensors and vegetation reflectance in ., ",
‘mineralized areas. ® . : L ot
i In the present Panel's judgment, the modificatioms made of the recommerida-
tions of .the- 1967-68 Panel on Geology werge sound research decisions in Light of ;

results obtained from theft-current ‘programs and of“funding'realitie§.

-

«/

“t0 make rgcognitibnsuncertain. Funding was restrictéd to'the most promising = -

. [ M . ’ N - *
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\ FUTURE EARTH~ORIENTED APPLICATIONS OF SPACE SYSTEMS 7
. v - . . - - ) \’" p f“, / -
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" Some of the applications of future systems will require advancements in T
the technology. Other applications will demand no new technology, but rathér. \
. will stress the need for continuity of systems already ¥n use on an experimeﬂ&al ~

basis. Somé of the needs can‘We satisfied by aircraft photography. However, ¢
the use of satellite observations will permit geological -explérations on a much
~ broader scale. Some of the requirements for which new fechnology will have to 5 -

"be applied are necessary not only to meet ‘technical needs but also to deal -~ "o
wfth_legal.and economic factors. Some .examples fqllow. ) - )
. . [Potential deposits are ofen sought in remote locationsiwhich lack sophis- "~

- . ti¢h§ed bench markéz grid systems, or other references for position determina-
.tion. It is 6ften necessary to mike ‘Tepeated visitations to prior sites of:
exploration; therefore, an accurate position. determination. system is necessary.
. ' When 2 deposit is discovered,’it is necessary to kngw whether or*not the find .
is on protected lands, ‘and here a distance of a few meters ils significant. «The
. Panel hopes that the advent of commercially available back-gack equipment for
- position determination will occur soon. . __—
In seismic exploration it:is netessary to collect the ata in- the field, .
send it to a computer center for processing, and.then make Another seismic test
baséd on the processed data from the prior test. This ig often ad iterative
process. . In some known cases, this round trip to and from -the, computer center . -
has required as much as four months. Communications capabjjlity that would
. perqi; digital data handling.would make possible .almost real-time analysis for
seismic data, which coulgd amgunt to significant economic, savings. The Panel
recognizes that therg is a need for small, low-cost transportable earth te¥minals
for handling digital data.. ) : - . ¢ .. :

’ ' ' . -

-~
e e

AR X . .
< ° GEODETIC"MEASUREMENTS .
Better définition of the relative motion of teétonic plates.will contribute »
to understanding of the metallogenic process and may disclose new regions which -
« merit detailed exploration. o . I - :

Critical to the observation of plate motion is the resolution of the measure-
, ment. The parameter to be measured is the velocity of one plate relative to
.another. The velocities are extremely low, of the order of 1 to 10 centimeters
per year. The relative velocity must be computgdafor measurements of thg, \
position of each plate at various times over lonﬁgperiods. If a sufficient £

) - if .
-— N L) W
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. number.of.measuremenfs are made, the veloc1ty may-be calculated to within the - -

necessary accuracy. . .2

. r%patterns of earlier plate movements, if they be\ascermalned may make

it poss 1e to delineate land masses which are_ not cur;aggly experiencing rela- . -

‘tive, motion, but whilh may nevertheless have potential for mineral exploration. . B
A system for. prov;ding this geodetic 1nformatlon sheuld meet the folldwlqg ¢

s .
?Ehdfequ1rements . . . .

1. .Réadings annuall& fo;\a decade . ' L " K o
‘ EJ Position s;;;1ng wlth resolution of + 3 cm . . fﬂ‘ ) . -
3, ;;ta tabulated as calculated results. N . o :
:~.:'4. Globa]l coverage - . e ’
Better understanding of the long-term movement of tectonlc plates Jou1d 3 '

. 1ead‘-to _thé possibility of predicting earthquakes.

‘ ' commuogs SYNOPTIC IMAGERY o I
The most important contrlbutlon of ERTSJI consists of synoptlc coverage of .
the earth in a continuous sequence of 185 km by 185 km scenes at constant sun
angle.- The alternative is the classical aerjal photomosalc, composed of many
small pictures, take?;for reasons of economy under different sun-angle ‘illumina-

tions; the result is\a "checker board" effect making the comparison of tonal
differences. among arehs on the mosaic difficult, .~

. Y

Operational Requirements . . .

o

Although:the.geology of the earth does not change rapidly, much might be -
learned by observing the effects of sofar heating, snow cover, different . .
atmospheric transmissions, ahd vegetation cOVer.. The operational requirements .
for synoptic imagery of the earth related to' the extractive industries are thus
'subd1V1ded as follows: -

Yearly requlrements. Land slides, Volcanic activity’, erosion,
coastal changes, tailing dump growth, and forest clearance- ]
cutting scars requlre yearly updqtlng. . v .

Seasonal requirements. Vegetation .changes requzre 4 to 6 seasonal .
coverages during the year.

-

- Daily requirements: To achieve cloud-free synoptic views, daily ;‘f .
coverage for aRproxlmately 30 days durlng each seasgn should

prOV1de about tWo scenes per target area. .,

T
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‘ = g-of -day requlrements. In mountalnbus areas, 111uainatlo of

both the sunlit and the shadow side of-the mourttain requirés twg -

vigws each, mld;mornlgg dnd mid- afternoon, The heat, cayac1ty'ha€a
ong kavelengﬁh 1nfrared'bands) require

etween 2 and 4 a.m. without suﬂ‘lllumihatlon. Sun’ 1Iluminat10n s
ta -for ° the preceding day are requ;red for dafa reductlon

Senspr Requirements . - AT

ot / -&‘ - "

// /the sensérs should: have the capacity to frecord the surface scené tin the
T

. and in’ the long yavelength IR bands’ ?ogh njsl

el
‘\- 3 >

y o >

- °DatE‘Requiremeﬁts

AN !
Formag The "data should b aVallable in photet ansparencies

185 km, annottated as to

. titude, longltude d
.,and/or sun angl€,

, local time

A L4
a

:churagy: Data‘shShid be |accurate within the following limits: Lo

. » . ! " < ‘& e
1. - The resoluﬂrSn hould be + ‘30 meters in the near: ,

Covarage of selected target areas of approxzmately 80 km by 80 km, w1t a
resolutlan of 10 meters is required for deta11ed geologlcal target’evaluatlon.
T1me-of-dhy requlrements The picture should have mlnlmum

cloud or sand storm interference and shadow effects are”
- undesirable.in mountainous terrain. Muitiple coverage may be
requlred to mlnlplze clﬁuds sand storms, and shadows.
n

.
. . ) : - 4
T 25 -
. LI -
? -~ ' ot : .
\

eflected sun light bands -- blue-green/ yelfow-otange, red-deep-red, near IR =-

. } *In the data ‘collection by synop#fi¢ 1magery, ‘items to be con51dered include:

. . . future.and + 15 meters 4h the 1980's. (PreSent . e
. o, resolution ‘of aBout + 80 meters is adequate for - .
~ 1 ' .éxPerlmeqta} purposes ) - . - {0
. 2. Imaging shopld contlnue 5 provide grey levels ) S
: fox phototransparenciey and 64\gr evels fbr
'magnetit tapes. - . . )
a . . < " v * ) v I
- © ' Coverage:' The scenes should be taken over the global land masses
. and the, contlnqntal shelves, )
. . N ’ . . ) N .
Y OPERATIONAL REQUIREgﬁNTS FQF HIGH RESOLHTION TARGET IMAGERY J
8 A

aadlﬁlonaluﬂata.collectlongf,;Aﬁx.“Af:

.

’ l ' and digital magnetic tap?s for scenes haV1ng an jayea of 185 km by ‘.
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(A

. Data requirements. 'I'he. data should be available ]in phctotrans- T
parencies and digital magnetic fapes, annotated as to latitude,

B0 lopgitude, date, lqgai tzme,,andlﬂr sun angle._ L ‘o . -:.'
?7::- :;_’ —l - -: STE Cio el ::" Sl -’éﬁ:’ . . : - tt
N\ Accuracy-: sResolutlon should he + 10 meters. Images Yare reqU1red N

in three\basi¢ cokors with the~ab111ty to d15t1ngu1sh 16 levels-

HOAN —
. . in the scale of ‘color saturatlon. e . ] L.
. . X . . 2
Ce Coverage: The scenes should be taken over selected areas on the
N global land masses and the continentgl shelves. ..- JE

PAY

+

N
£

S
. toe

.

-~ . - 3 »
e, . e v
. " An exploratlon pafty -needs to’EﬁEa(1ts p051t10n accurately. because Qy the .

' POSITION LOCATION ' é ' oo Lo

- .
M ¢
M

party will need to return 'to sites previously visited and'(2) accurate descrip-’ :

tions of poSltlon are essqntial in acquisition of propesties. N
Hemlspherlcal coverage over global lamy masses and contidental s@elVes

should 'be provided,

Each oﬁerpaSs of the satellite should provide latitude and

. 1ong1tude to be reconded at the site on magnetic tape..

Accuracy should be .

Al

- X

v
.

-
H

w1thin +- 30 meters in the near future and within + 10 metei},ln the 1980's.

\

-

[ .&)i.‘ w

s

Lo

COMMNICATIONS .

~ ¥ . N -
.: ,r_.. B \ -

.

There is a need for commurications thween extractive 1ndustry central loca- -,
tions and crews in the field. Voice communication capab111t1es are néeded' for
personal liaison purposes and digital communications capacity is needed for data -
(for example, seismic data‘aylch could be prdcessed more qulckly and economlcally
/ - at a central location). ® . (‘ co R

av . % . . 2

.. g
Operational Requirements ___ °
Fi - e ¥

- .

- Both voice and digital commmicatigps knks Should be available

-

‘_i: . at least opce a day between coggfny headqgarters and f1e1d 51tes. .
Bate Requlrements BT g, " N , o
b ) 'y s . . s ' : .
. ., Format: ° S . .-
. ] I{ Two yay voice communication is needed. Scrambler !
N . capability should be prOV1ded to meet’ securlty
: . . requlrements' . o i
2.7 A digital data transmission capablllty of up to "107

"bits perazfcond will be .needed in the 1980's.
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- Accuracy: Error rates should be compatible with best gpding
’ ‘ practlces (approx1mate1y ome error in 10° bits).- §1gna}-to-
+ noise ratio should be suitable for magnetic tape recording.

Cdverage, Communications capability. should be provided over ‘ S
the global land masses and continental s@/lxes. . N
o . - -

P -
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SPACELAB EXPERIMENTS ‘ S

.
, - . N ¢

Operational Requiremé€nts

The Pane% believes that in the 1980's, most of the research problems con- }
cerning spaceborne reconnaissance for the extractive industries will be solved.s
The previously discussed problem of rock signatures will be well understood.

. The problem remaining vill be the, removal of operational restrictions, such as
cloud cover, sand storms, and vegetation masking. The Spacelab offers the
opportunity for experimenting with systems to remoye these restrictions.,

1 -

LY N

Sensor Requirements

The sensors should be multifrequency,‘high-resolutibn radars, operating:

.
4 L]

. As reflectometers, measuring in the active mode, the radar
- . CToss sectlon'of a resolutlon element ' —
) As radlometers, measuring in the passive mode, the microwave
. radiance of a resolution element. -

.

Data Requirements
0 Format: The data should be displayed to the operator on-board
Spacelab to allow in-flight evaluatlon and should be recorded
on-magnetic tape. -

-

" " Accuracy: Data acquired.should provide Fesolution of ::10 meters
and an amplitude atcuracy to 'within -1 -petcent. v '
. ' Coverage: Areas covered should be-global land masses and con-

tinental shelves. » . B
|. . ~ . o ’_\ 7
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Because it is essential to the national®welfare to ensure the discovery
and production of earth resources and to develop a sound, balanced national
poligy on mineral resources and land use, it is the Panel's judgment that the.
United States government should make such investment as is necessary to continue
the earth resources programs using-unmanned sate€llites and Spacelab to produce
the kinds of information previously discusséd. The benefit of the program is
an improved capability to find new mineral deposits and to develop sound
national land use gnd mineral resources policy. .

The extractive industries and various government agencies concerned with
land use and environmental quality have already received benefits from earths .
oriented space programs. These include:

Long-tern contributions to basic kaowledge about the_earth, and
. its processes that will result eventually in an 1mproved theory

~ -.of formatlon of. mineral deppsits, -

- . ' An important new dimension .(synoptic imagery frod space) in the
) exploration phase of mineral development.

4

Recurrent data on the 1mpact on the eaz:h of extract1ve 1ndustr1es4

Important 1mproved capabilities in (1) dommmications and in~
“ determining precise location on the earth's surface; and .

(2) weather adviscéries for the increasing mlneral-lndustry .

activities in and on the oceans and in remote land and ice ares. v

In considering these benef1ts to the extractlve industries and to the
nation, the question to be asked is: To what extent and at what cost will.space
systenms data either (1) substitute for data now gbtained from aircraft and
ground, surveys, or (2) add a capab111ty not now possible through aircraft and
. ground surveys?
: For basic earth science, space-systems data provide a repet1t1ve syn0pt1c
view not possible with other techniques and make possible precise measurements
of earth processes, such as tectonic plate mt1ons, net available through other -
techniques. - )




) . » : .

In mineral exploration programs, space-systems data can substitute for high-
altitude aerial photography. Space-systems data cannot substitute for low-flying
aircraft photography or sensing ‘or for ground gurveys. The cost differential
between_ the .present cost of high-altitude aerial photos and the appropriate share
of the cost of space systems imagery tq be allocated to mineral exploration remains
. to be determined. Of much mor® impprtance is the added capability provided “for
mineral explordtion by space systems. The Panel believes that this added capability
does increase the probability of discovery of mineral deposits but finds it impos-
sible to assign a dollar value to this increased capability. Application of cost-: ..
-benefit methodology to exploration is subject to the same limitations as applica-

tion of cost-benefit methodology to other research and development programs.

In monitoring the impact on the earth of the extractive industries, it is
pessible that a space systems capability for high-resolution imagery could be sub-
stituted for aircraft monitoring. The degree of substitution and relative costs
remain to be determined, ' ) .

In position location and weather forecasting, it is clear that the extractive
industries have benefited enormously from improved capabilities offered by the A * .
syStems alteady operational. This contribution is susceptible to cost-benefit
analysis and should be so evaluated. - . )

+ As a caution, considering the demonstrablé benefits that have and'will accrue
to the sellers and users of earth resources data obtained from space systéms, it

is unnecessary, and indeed counter productive, to overstate benefits or to gon-
trive quantification.
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~ CONCLUSIONS AND RECOMMENDATIONS T

: } -
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The Panel concludes that opexation of remote sensing systems from spaee 1is .
- “vital to the maintenance of our industrial society. Resea and-development

into space remote sensing systems improvement and support at a level needed to
reduce cost i's essentiab. Many of the needs of user comminities for, specific ,

Sensors .common. Therefore the cost should ndt be charged wholly to any single
user co ity. The nation benefits universally from improved weather forecasting, '
s land use knowledge, position location, knowledge of scientific processes, avail-

ability of materials khrough exploration and development, etc. Thereforey it is .
sound policy to finmance the basic scientific and engineering program from public

- . . . - &c
.

, GENERAL RECOMMENDATIONS . '
\ ' r - ) t * . : V .-'
Generally, the ‘Panel recommends that: . ‘.
, Development, .,maim':er,zwzc,e, and opez'gi&ion of remote sensing systems:
¢ designed to meet the broad needs of society become a permanent

getivity of the federal govermment. T !

' : The govermment continue to chaz'*ge’a development agency with
. research, and development on hardvare and sensing systems and with

) operating the space vehicles. - T '

Theé government design its space programs 8o that the user commun-
ities control the cowrse of the program through the budgeting . .
procedures within existing agencies. . . ‘ .

L]

¢ SPECIFIC CONCLUSIONS AND RECOMMENDATIONS .
) Specificaﬁy, the Panel -concludes and recomnends: v
. " . . . - - R .. . ‘0‘ ‘ .
1. Conclusion: ‘Improved understanding of geologic processes on B
N a global scale and.accurate measurenent of large-scale crustal
' ) \ . . 21 P ) L. » .
. - c' L. L] . . . ,




" of mingral concentration and to mpre’enlightened selection of re- .

. the -earth to such an accuracy that relative motion Qf tectornic

" ing datk analyszs services.

' ‘ t ! . .
¢ ‘ . - . ! - -
motions will lead directly to an 1mproved theory of the processes

gions of the earth that merit exploratlon effort.

Reoameﬁdatwn. NASA sRouZd contirue to develop the technology
for determining relative positions of points on the burjace of ’

plates can be observed and spatial variation of the solid-earth ‘ -
tide can be mapped. .

Conclusion: Imagery from satellites provides a new dimension
in the reconnaissance phase of o0il and mineral exploration. More
research is required td exploit the full range of sensor capabil-
ities and to develop sophisticated programs of data anal)g51$.

Reqomenda‘-wn'o ZJASA shouZd develop and test sensors to cover the
Jull. spectrum of anticipated needs, provzdzng continuous synoptic
wz:zgery with an option of high resoZu'bwn magery for selected
ual‘geos. . . /’

Conclusion: The most effective use of remote sensing from satel-

lites will require involvement of the user on a contmmng basis.

Although sharing spacecraft and- sensors among, users is clearly

desirable, individual data sets and programs of data analysis will )
be mnique to some users., -It is necessary that each user be able -
to work with ap agency that understands its unique needs.

- Recommendation: The Depariznent of the Interior or its successor
. agency should continue-to havé: regponsibility’ for providing. remote

senging dgta to users in the exfractive industries and for ewtend- .

»
- . . N

Conclusion; The extractive industries are already making use of
the TRANSIT satellite position determination system. There is a
need for comnerually available portable ground equipment, capable
of d¢termining position to within 10 to 30 meters on a continuous
basiS, at any point on the globe.

. ’ . on ) ~
Reecagmmendation: Advanced satellite navigation systems should be

emphasized, with the objective of considerably improving the state-
of-the-art of navigation systems in the public domain.

Conclusion: It is likely.that individual companies will requestes:
high-resolution gexry of specified targets. The more definitive - :
and detai e images become, .the more likely it will be that ) .
companies/will warit sole access to such data, )

Recommendations "’he govemment should address the question of
user costs and user pariicipation in data acqiigition, as it '
relates to ugers from the priva¥e sector. .
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